Background
Due to the complexity of medicine, hospital information systems (HIS) need to handle a large number of different types of documents. Typically, these documents are customized according to the requirements of each hospital or clinic. In the context of networked health systems there is a growing need for exchange of documents between different HIS. For instance, when a patient is transferred from hospital A to hospital B, it should be possible to map a radiology report from hospital A automatically to the corresponding document category in hospital B's electronic patient record system. This mapping is not trivial, because hospital A and B will typically use different document labels, such as "rad_report" and "report_radiology", especially if they are using HIS from different vendors. To provide interoperability between different HIS installations, it would be highly desirable to map local document types to an international standard code. The HL7's clinical document architecture (CDA) 1 provides a framework for exchange of documents. The HL7 CDA recommends the use of clinical document codes from LOINC® (logical observation identifiers names and codes) 2, 3 to specify the particular kind of document (e.g., discharge summary or progress note) that is being transmitted.
The documents in our HIS had not been coded with LOINC. We conducted a case study to answer the following questions:
1. To what extent can HIS document types in a German tertiary care referral center be coded with the current version of LOINC? 2. Which LOINC codes represent the most frequently occurring document types? 3. What is the potential for improving LOINC regarding categorization of HIS documents?
Methods
The authors analyzed HIS documents from the University Hospital of Münster, Germany, a tertiary care referral center with approximately 1,500 beds, using the report generator of ORBIS® from Agfa Health Care. 4 At this writing, ORBIS® is applied to the following HIS functions: clinical documentation, administrative documentation, order-entry, and scheduling. ORBIS® provides a set of standard document types; additional local document types were generated during HIS implementation to meet the needs of our hospital.
Although there is a mixture of electronic and paper-based documentation in our institution, the authors assessed only electronic documents in the HIS because the paper-based documents are very poorly standardized and not easily accessible. The authors generated a report of all HIS documents created during 1 year (2007) in the hospital. This dataset was aggregated by document type-as defined by the local HIS-and sorted by frequency of documents of each type. Local document types used at least 10 times per year were included in the study.
The resulting list of document types was inspected manually by physicians and mapped to LOINC version 2.24 using RELMA® 3,5 version 3.24. This version of LOINC contains 503 document codes. Local document types for internal use by the system, such as forms for temporary data, were excluded from the analysis. Each document type was mapped to LOINC by two independent physicians; in case of coding discrepancies a third expert was consulted to reach consensus. (Table 1 ) presents an overview of data preprocessing. Approximately 1.3 million HIS documents categorized by 168 document types were generated during the observation period (Jan to Dec 2007). Seventy-one document types were used less than 10 times per year and therefore excluded from the study. Eleven document types covered temporary data for internal use by the system and were removed. The 82 excluded document types accounted for 4.3% of the HIS documents generated in 2007. The analysis dataset consisted of 1,243,325 documents categorized by 86 document types. In 8 of 86 cases, the two physicians mapping the local document types to LOINC disagreed, and a third physician helped to resolve the conflict.
Results
( Table 2 ) summarizes results from the manual mapping of local HIS document types to LOINC codes. An appropriate LOINC code was identified for 76 of 86 document categories using RELMA. For example, document type "Radiologie", which is used for findings in radiology, was mapped to LOINC code 11528 -7 study.total (Radiology).
However, in 38 of the 76 cases the LOINC code identified was more general than the local document type. For example, 16 different German administration forms were mapped to "Administrative note" (LOINC 51851-4). In another case, the HIS had a specific document type for evaluation and management of diabetes patients, but LOINC code 34109 -9 is a general evaluation and management note. The specific documentation form for emergency room procedures for trauma surgery was mapped to LOINC code 34878 -9, which defines an evaluation and management note in emergency medicine.
For 10 document types the authors did not identify any appropriate LOINC code. A local form for general orderentry requests is considered a document in this context, because it contains a medical description of certain medical procedures and a legally relevant signature. In this setting a derma histology finding document is used quite frequently. The authors have various medication orders that are considered documents, because they are written individually by physicians and stored in the patient record. Finally, the authors provide specific local quality assurance documents, which are not covered by LOINC codes. Table 3 presents results of the mapping process in number of documents. Overall, a LOINC code was found for the document types that categorized 93.1% of the HIS documents represented by the study dataset. More specific LOINC codes were deemed necessary for document types that accounted for 22.5% of documents. Table 4 lists 45 unique LOINC codes, which were mapped to these 76 local document types. Figure 1 presents the number of documents for these LOINC codes as a bar chart. Laboratory reports and radiology findings cover 61% of all analyzed documents.
Discussion
Overall, 93.1% of the local HIS documents could be assigned a LOINC code indicating that, while not yet perfect, this nomenclature is suitable in this setting. For 76 of 86 (88%) local document types a LOINC code was identified. This difference in coverage (93.1 versus 88%) indicates a better analyzed 163 document titles available in the Medical Entities Dictionary at New York Presbyterian Hospital with respect to subject matter domain (SMD) and performed a LOINC mapping. Ninety-one of 163 (56%) were classified as "not specified". In the setting for this study, 10 of 86 (12%) document types could not be mapped to LOINC. Because Shapiro focused on SMD and used an older version of LOINC, there are limitations when comparing these results.
Hyun 8 analyzed nursing document components from a commercial HIS (ECLIPSYS). Forty-three document types contained 308 different section headings. Thirty-eight percent of these sections could be mapped to LOINC. Hyun identified similar issues with the mapping process as in our case, for instance missing entries in LOINC or LOINC codes with limited specificity.
Brown
9 developed a document-naming nomenclature (DNN). He reviewed 1,094 unique note titles from Nashville and Murfreesboro, VA medical centers. An evaluation of DNN was conducted in three hospitals with coverage of 97-99%. The DNN consists of seven categories and altogether 696 terms allowing a multitude of combinations. In contrast, LOINC version 2.24 provides 503 fixed clinical document codes.
Interoperability of healthcare IT systems would be improved if HIS vendors would add LOINC document codes to their products. This would enable an automated mapping of patient documents between different systems; in addition, standards for medical documentation would be fostered. Internationally, standardized document codes would also facilitate benchmarking of HIS. For example, it would be possible to analyze documentation patterns for a certain disease between different hospitals and healthcare systems. This is relevant to assess the quality of medical documentation. LOINC document codes are also relevant for clinical research, for instance, because they can be applied to analyze medical practice patterns. Therefore, the authors assume that LOINC codes will play an important role in medical data standards.
10

Conclusions
A mapping of LOINC codes to HIS documents is feasible, but more codes are needed to address all clinical document types. Standardized document codes have many potential application areas such as interoperability of healthcare IT systems, HIS benchmarking, as well as clinical research.
